Histological types of lung carcinoma were examined in a case series ofworkers exposed to asbestos cement dust (n = 29) and matched controls (n = 87). The proportion of adenocarcinomas was 31% among the exposed subjects and 15% among the controls (midp = 0O05). Among workers with high exposure the proportion of adenocarcinoma was even higher (45%, 5/11; mid-p = 0O03). The proportion of peripheral tumours tended to be higher among exposed cases than controls (24 v 12%, mid-p = 0 12). Lobe of origin did not differ, however, between exposed cases and controls. Thus the study indicates an association between the degree of exposure to asbestos and adenocarcinoma of the lung, and a peripheral rather than central localisation of the tumours, but with virtually the same distribution of lobe of origin as in the general population.
Kreyberg'0 found a strong association between centrally located carcinomas, mainly small cell carcinoma and squamous cell carcinoma (Kreyberg type I), and smoking. Peripheral tumours (adenocarcinoma, carcinoid, and bronchioloalveolar carcinoma (Kreyberg type II)), on the contrary, were not related to smoking. Today, however, it is well established that the risk for all types of lung carcinomas is enhanced by smoking, although less so for adenocarcinoma.1 2" In the western world, the incidence of adenocarcinoma is increasing in both sexes. '3 Moreover, in non-smoking (never smoked cigarettes) women, adenocarcinoma constitutes about 70% of lung carcinomas."4 Thus it is important to control for smoking, sex, and year of diagnosis. This has rarely been done in previous studies of histological types of lung carcinomas in populations exposed to asbestos.
It is not clear whether possible differences in histological type between asbestos-induced and other lung carcinomas are present only in asbestotic lungs (induced by the fibrosis), or in non-asbestotic lungs as well.'5 Moreover, it has been claimed that lobar site of origin may help in the estimate of whether a pulmonary carcinoma is attributable to exposure to asbestos or not. '6 The question of the histological type of asbestos induced carcinoma has a clear theoretical interest as it may bear upon the mechanism behind the carcinogenesis. Further, it is of importance for principles of workers' compensation, as well as medical surveillance of workers exposed to asbestos.
The aim of the present study was to explore whether subjects exposed to , median 42 f-y/ml) and one with low to moderate exposure (cumulated dose <20 f-y/ml, range 03-19-3, median 2-5 f-y/ml). The median latency from onset of exposure until time of diagnosis of cancer was 23 years in both groups, and median duration of exposure 17 and two years respectively.
SMOKING HABITS
Smoking habits were known for 24 of 29 exposed subjects either from earlier interviews or postal inquiries answered by the subject (21 persons) or medical records (three persons). When missing, a questionnaire was mailed to their next of kin with questions on smoking (smoker, non-smoker, former smoker at death), year of starting and stopping smoking, and average daily tobacco consumption. Information on the smoking habits among the controls was obtained through postal inquiries, from the persons themselves (6%), or from the next of kin (spouse 47%, child 35%, other 12%). In the event of non-response or incomplete information, a telephone interview was performed. Information was obtained for 26 of 29 exposed subjects (90%) and 66 of 87 controls (76%).
STATISTICS
Distributions between exposed subjects and controls were analysed with a score test in which scores 0-1 for exposed subjects and controls were assigned for the presence or absence ofthe specific characteristic. The total score difference between the sets was tested with direct calculation of a mid-p value19 (one tailed) after iterated simulation of expected binomial distributions. Differences between high and low to moderate exposure were analysed with the Mann-Whitney non-parametric test of distributions and one tailed p values were calculated.
Results Table 1 summarises the results of the histological examination. Table 2 gives the relations between type of specimen (bronchoscopic biopsy, surgical specimen, or necropsy) and histological types of carcinomas. Adenocarcinoma occurred about twice as often among the surgically obtained specimens as among the bronchoscopic biopsies. Squamous cell carcinoma was most frequent among the surgical specimens and least frequent among the necropsies, and small cell carcinoma was rare among the surgical specimens. The proportion of large cell carcinomas was equal among all types of specimens.
Adenocarcinomas were found among 31% of the exposed subjects and 15% of the controls (midp = 0 05). Restriction of the analysis to the 11 sets in which both exposed and controls were either smokers or former smokers showed the same tendency (midp = 0 097). Other histological types showed no differences between exposed cases and controls.
Adenocarcinomas constituted 45% (5/11) of the tumours among those with high exposure (midp = 0 03, exposed subjects v controls), and 25% (4/ 16) among those with low to moderate exposure (mid-p = 0-24, exposed subjects v controls). The difference in the proportion of adenocarcinomas between workers with low to moderate and high exposure was not statistically significant (p = 0 2).
Lobe of origin (table 3) did not differ between exposed subjects and controls (66% v 70% in the upper lobe), even when the degree of exposure was considered. Among the exposed subjects, 24% of the tumours were peripheral v 12% for the controls (mid-p = 0-12). Most of the squamous cell (98%) and small cell carcinomas (93%) were centrally located whereas 43% of the adenocarcinomas and 31 % of the large cell carcinomas were peripheral. The tumour originated in the right lung among 69% of the exposed subjects and 55% of the controls (mid-p = 0 14; including one control with tumours in both lungs). Table 1 gives the latency for the exposed cases (p = 0-06, adenocarcinoma v all other types, MannWhitney, one tailed), and the median age at the time of diagnosis for exposed subjects and controls. We found a twofold difference in the proportions of adenocarcinomas between workers exposed to asbestos and controls. Among the exposed subjects the effect was related to degree ofexposure; an association not likely to be spurious, because median latency was identical for the two exposure groups, as was median age at diagnosis for the particular lung carcinomas. Our results are in accordance with the findings among asbestos cement workers in Denmark22 where the relative risk for adenocarcinoma was higher than for other types of lung carcinomas and increased with duration of employment.
Smoking habits were known for a higher proportion of exposed subjects than controls. Also, the information was obtained from the person himselffor a larger proportion of the exposed subjects, thus tending to give a greater precision among these than among the controls. A difference in the precision would, with the assumption of a higher number of 22/7 (76/24) UL = upper lobe; LL = lower lobe; ML = middle lobe; C/P = central/peripheral; 95% CI = 95% confidence interval. *Two exposed subjects with missing dose information.
smokers among the controls with missing information, give a bias towards the null hypothesis.
An increased proportion of adenocarcinoma among asbestos workers might be because adenocarcinoma is more common among subjects with pulmonary fibrosis, regardless of the aetiology,2" probably as a consequence of multicentric metaplastic changes (squamous, mucinous, adenoid-cystic lesions) in fibrotic lungs.1 This is confirmed by animal studies24 and also supported by studies of chrysotile2" and amphibole" miners and insulators.27 Further, a study of asbestos cement workers28 showed that the increase in risk for lung carcinoma was limited to workers with fibrosis diagnosed by chest x ray film (ILO category > 1/0). This led the authors to conclude that "asbestos is carcinogenic because of its fibrogenicity." The assumption that alveolar epithelial hyperplasia or atypical epithelial hyperplasia is preneoplastic is controversial, however. In a study of such lesions located close to lung carcinomas (mostly peripheral adenocarcinomas) in lungs without fibrosis, transition between hyperplasia and carcinomas could not be proved.29
Even if two exposed persons in this study had clinically manifest asbestosis and one had interstitial fibrosis found at a post mortem procedure, it is doubtful whether clinically silent and unrecognised asbestosis or otherwise induced pulmonary fibrosis could explain all the excess of adenocarcinomas. This indicates either that fibrosis is not necessary for asbestos induced adenocarcinoma or that a slight fibrosis is sufficient to induce this carcinoma.
It has been proposed that identification of lobe of origin might be useful for evaluating whether a lung carcinoma is attributable to exposure to asbestos or not.'6 We found no difference, however, in the interlobar distribution of the carcinomas, either between exposed subjects and controls, or between the groups of exposed subjects with high and low exposure; our figure is close to the 65% carcinomas in the upper lobes reported for the general population. More tumours were peripheral among the exposed subjects than among the controls, and although not statistically significant, the difference was actually twofold between workers with high exposure and controls. This implies that sputum cytology may be less sensitive, and because of the accuracy of chest x ray films for diagnosis of peripheral tumours such examinations might be more useful for early diagnosis.
In summary our study indicates a higher proportion of adenocarcinomas among workers exposed to asbestos, especially among those with high exposure, compared with a matched series of case controls. The proportion ofperipheral tumours tended to be higher among the exposed workers, but lobe of origin did not differ between the two groups. Finally, the results confirm that workers with high exposure in the cohort of asbestos cement workers experience an increased risk of adenocarcinoma of the lung. 
